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Description “ ' - AR .o C et e L

TECHNICALFIELD'., .. o T o T

[0001] The present rnventron relates to a method and an apparatus for uttrasonrc testrng of the surface of columnar
structures of metal, such as rolls for rolling mills, rollers and others, especrally to those suitable for detectlng using sur-
face waves, flaws such as cracks or the like existing in and just below the surface of high-speed tool stéel folls for hot
rolling mills, which are made of high-speed tool steel and of whrch the surface is thermally/mechamcally damaged whlle
they are used for rollrng and also to a method for gnnd ng rolls usrng them S -

o -

BACKGROUND OF THE INVENTION

[0002] Rolis for hot rollrnq of metal sheets are thermally/meehanrcally damaged at their surface while” they are used
for rolling. The details of thermallmechanrcal damage at the surface of a work roll (herernafter refefréd to as a’high-
speed tool steel roll for former ‘stands in frnrshrng train), whrch is made of high-speed tool steel and is used in hot finish
rolling, are described with reference to Fig.’ 20. Thermal damage to'therollis caused by steel sheets-being rolied at high
temperatures in former stands in frnrshrng train, whereby deep prrmary crack.s K; which are referred to as fire cracks,
are formed in the roll, 100 vertrcally to its sunace Mechanrcal damage thereto is caused by the shear stress to be put*

" on the roll being rolled agamst backup rolls, whereby are formed secondary cracks L starting from'the above-mentioned

fire cracks K in the direction nearly in parallel ‘with the surface ‘of the roll: A pluralrty of those cracks gathers-to give small
pits M on the surface of the roll. if such small prts M are transferred onto the sheets being'rolled. the rolled-sheets shall
have surface flaws. In order to evade this, the cracks are removed from rolis; for example, by means of grinding by a-
predetermined constant gnndrng allowance with a gnnder and the thus- ground rolls are-again used inrolling. After hav-"-
ing been ground, the rolls are tested by surface wave techmque (herernafter referred to’ as surface wave testmg) for'
example, as in JP- A-4-276547. ; ~
[0003]} Concretely a surface wave probe (search unrt) is kept in contacr with the surface ofa rotatlng roll via a mem- =~
brane of a coupling liquid medium such as water or the lrke whereby the surface waves from said surface wave probe
is propagated inside the crrcumferentral s_urface of the rolI toward the direction opposrte to the direction'i in which the roli
is rotating whrle The liquid havmg been used as coupllng meorum rs removed from the’path of the surface waves in'the -
surface of the roll. In that manner the flaws. if’ any, ex n'g in and just below the'surface of the roll are detected If some
flaws are detected in such surface wave testing of rolls the rolls shali be again ground. : . )
[0004] An ultrasonic test apparatus is disciosed in JP-A-7-294483, to whrch is applied the testing method of JP-A-4-
276547. The ultrasonrc tést apparatus compnses a rotatrng m'eans for rotatrng a cylrndrrcal ‘or columnar structure tobe -
tested for surface flaws and others, in rts crrcumferentral drrectron an ultrasonrc probe for detectmg flaws and others by
use of surface waves; a holder for holdmg the probe above the' structure to be tésted ata predetermrned herght relative '
to the surface of the structure and a couplant supply for supplyrng ‘a quurd medrum such’ds water oi the iike to bea
coupling medium for ultrasound transmlssron 16 the | gap between the probe and the” stricture to be’ tested. The above- -
mentioned holder extends downward below the probe and has a followrng part to'be in smooth contact with the surface
of the structure to be tested While keptin contact with’ the rotatrng structure to be'tested, the' followrng part ensures the
constant drstance befween the probe and the structure 'lhe above~mentroned couplant supply is drsposed adjacent to
the probe inside the holder. The couplant supply rs provrded with a housrng in which the liquid medium havrng been led”
near the probe from the other place is stored The housrng is posmoned ad;acent to the prooe ‘and has a lot of medium
outlets at its bottom and an arrdrschargrng through-hole at its top. Each of the' medium oltlets'is placed justin front of
the probe relative to the scanning direction of probe, while the surface of the structure being rotated to be tested is
scanned by the probe, and is so drsposed that it rntersects the above-mentroned circumferential direction. In that con-
stitution, the Irqurd medrum storedrn the housrng rs fed through those medrum ouitiets to the'gap between the probe and
the surface of the structure being te'st'éd at the place st in front of the leadmg edge or the probe & ) :
[0005] Recently however it has been clarrfred that, wheh the testrng method accordmg to JP:A-4- 276547 is applied
to the detection of flaws exrstrng rn and |ust below the’ surface of hrgh speed tool steel rolis, especrally tnose for former
stands in finishing trarn there occur senous problems such as thosé' mentloned below.
[0006] Specifically, the small pits | M shown in Fig. 20 are not formed in the absence of the secondary craclcs L. There-
fore, in order to prevent the formatron of the small pits M, only the secondary cracks L are to be removed through grind-
ing. However, according to the conventronal ultrasonrc testing method, often observed is the phenomenon of large-
amplitude reflected waves appearing even after all those secondary cracks L are removed Gnndmg rolls until no such
reflected wave appears results in the thorough removal of the primary cracks K needless to be removed whereby the
roll consumption shall increase. .
[0007] This is because, in the surface wave testrng the reflectrvrty of the flaws vertical to the surface of the roll being
tested is high. In this, therefore, the primary cracks K remain are detected falsely even after all the secondary cracks L
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are removed. The depth of the primary cracks K remain is considerably shallow. the amplitude of the wave reflected on
each primary crack K remains is very small. However, in the surface of the roll, there are innumerable primary cracks K
remain, and there are also innumerable reflectors by which the surface waves are reflected. Where a structure (herern
roll) having such innumerable small reflectors is tested by surface waves having a wavelength of &, there always exist
combinations of small reflectors between which the difference m the distance from the surtace wave probe 10i is M2, as
shown in Fig. 21. Fig, 21 shows examples of the combrnatrons of such small reflectors ln whrch small reflectors K1 to
K4 correspond to the combinations, N L :

[0008] Where the regionin whrch tt,te small reflectors K1 to K4 ex:st |s tested ina conventlonal manner usmg a narrow
bandwidth pulse of which the length is at least 5 times larger than the wavelength of the resulting. surface wave, small

reflected waves from those reflectors overlap in phase with each other, owing to the Iarge pulse length thereby enlarg- B

ing their amplitude to give a large reflected wave that may indicate the presence of just like a large flaw, as shown in,
Fig. 22. Specifically, since such a narow bandwidth pulse of which the length is at least S times larger than the wave-
length of the resulting surface, wave is used in surface wave testing of high- speed tool steel rolls for former stands in
finishing train, the amplitude of the reflected waves from the pr-mary cracks Kis detected too hlgh in the test. Asa result
the rolls are to be ground until the amplitude of the retlected waves from the pnmary cracts K beoomes lower than a
predetermined voltage. Consequently, since the primary. cracks Kare. almost oompletely removed or that rs smce the
rolls are too much ground, the roll consumption is to, rncrease .

{0009] In this connection, it may be taken into consrderatlon to elevate the threshold yoltage that |s settled for detect-
ing flaws to a degree not bringing about false detectron of the pnmary crach K However elevatrng the threshold volt-
age lowers the detectabrlmes of the testdevice, and therefore there is a danger of overlookrng cracks and the lrke whlch
exist alone (these are produced by rolling acc;dents) and whreh must be. detected

[0010] The problems with the_ultrasonic testing mentroned abgve are not related to on§ly the pnmary cracks of rolls for .

rotling mills but also others. Where ordmary columnar structures of metal such as rollers and the Irke having a coarse
grained structure and producmg scattered waves at, their gram boundanes are tested usmg the conventronal narrow
bandwidth pulse, formed are high structural noises owing to the same mechanisms as those ot the phenomenon previ-
ously mentioned hereinabove. Therefore there are the same problems as.above wrth the ultrasomc testing ‘of that type.
[0011] On the other. hand the layer thrckness of the thermallmechamcal damaged zone generated msrde the rolls

having been used in. rollmg greatly varies. dependtlng on the length.of the metal sheet rolled by the use ot the rolls the "'

rolling speed, the condition fof: coolmg the. rolls, the matenat pf the r,olls (eve

areground by a predetermnned constant gnndrng allowance,,ther occu he problerns men'tloned below

, rolls of. the same type often drffer inthe =
details of the material owing ! to the difference m the manutacture, method fp,r tJLe matenal) et_c Tl;:erefore where the rolls .

@ Where the thermal/mechamcal load, lmparted 10 the rolls ;s small and the Iayer thlckness of the thermallmechan-

ical damaged zone generated msrde them is thln the rglls are ground
grinding),.or that is, the rolls are too much ground whereby the roll consumptr N INC
@ Where the thermal/rnechanrcal Ioad rrpparted to. the,rolls is. Iarge and the lay F thrckness of the thermal/mechan-
ical damaged zone generated msrde themis. thlck th damaged Z ns ev 'after the. rolls are ground
by a predetermined. constant gnndrng allowance When the_thus—gro g rolls are test some Talse |nd|catlons
occur. In that case, the rolls will have to.be, furthergrou r owever since the Iayer thlckness of the remammg ther-

mal/mechamcal damaged zone. IS not clarmed the gnndrng ‘allowance qf the addmonal gnndmg mustbe the same , "

as that of the initial, gnndmg In most qases therefqre,,the rolls are 100, much ground (overground). or that |s the
degree of the total grinding i lS too large whereby the rolJ oonsumptlon |ﬁcreases ;

@ The overall time taken } for gnndmg the rolls rs prolonged by the titn taken for lhe avel grrndmg and the roll
grinding eﬁlcrency is lowered o . :

[0012] In the ultrasomc test apparatus ;sclosgq 9 n Jis

relationship between the rotatrng speed‘ of,_the structure, to be s ted ar;d 'ths nec_essary amount of" the couphng llqurd
medium. However, depending on the rotating. speed' of e structure to bé_’tésted the amount of the couplmg hqurd
medium that is trained by the rotatlng surface of the structure bemg { ,'rles féor example wrlh the lncrease inthe”
rotating speed of the structure berng tested the amount of the couplrng Ilqurd medlum that is taken outof the gap
between the probe and the surface of the structure, mcreases thereby reeultlng in that the amount of the' oouplmg I'rqurd
medium to be in the gap between the probe and the surface of the structure is short As a result uttrasonrc waves could
not be well transmitted mto the structure to be tested and ‘some surface flaws of the structure could not be detected
On the contrary. when the rotating speed of the roll is slow the surplus couphng Irqurd medlum flows out ahead of the
probe. thereby attenuating surface waves. In that case,. some surface flaws of the structure ‘could not be detected.
[06013] No concrete disclosure is given in JP-A-4- 276547 and JP-A-7-294493, relating to the surface wave probe used
therein, and therefore the details of the probe are unknown. However, it may be considered that a conventional known
surface wave probe would be used thereln One conventronal surface wave probe comprises a prezoelectnc element,

P
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and a wedge via-which an ultrasonic wave is intrediced into thie roll surface a1.an angle-of 6i, in which the incident angle .
6i is defined to satisty the following formula (1) according to the laws of refraction.-..c~. - - " -

0i = sin_' (CW/CRs) o ()

wherein CW indicates the velocity of the ultrasonic wave in the wedge, and PR .

CRs indicates the velocny of the surface wave travelmg in ordma.’y steel L ey
[0014] The incident angle-8iis an angle to the plane vertrcal to the roll surface Yo T
[0015] Recently, however, it has been found that the flaw echoes could not have & sahsfactory srgnal-to—noree raho in -
the surface testing using the above-mentioned surface wave probe:" . . « )
[0016] Accordingly, ‘having noted the difference in the-material of mgh-speed tool rolls owing to the dlﬂerence in the
production method for the material, we, the present inventors have investigated how or in what manner the difterence
in the material rhay influence the surface wave testing of the rolls. As a result, we have found that the surface wave
velocity on rolls of different materials greatly differs depending on the production method, as in Table 1.

[0017] The inventors have further found that the surface wave velocn) on. h:gh-speed tool steel rolls srgnmcamly dlffers
from that on ordinary stee! of being 2980 m/sec.-

[0018] Transmission and receipt of surface waves in the.surface ofa roll bya surface wave probe is. e‘fected accordmg
to the refraction phenomenon expr&csed in thé above-mentioned formula:(1}, while the incident angle 6i is so detfined
that the angle of refraction is to be 90 degrees. Therefcre, when the velocity of the surface waves varies depending on
the rolt materials, as in Table 1/the ncident’ angle nuist bé varied in accordance with the varylng velocity of the surface
waves. i not, transmrss:on/recerpt eﬁrcnency 'of the surface wavés willlower. . .. -

[0019} At present however, the incident’ angle 0i is détermined on the basis of the surface wave velocuty on ordinary
steel of being 2980 mvsec. and surface wave probes are desrgned in accordance with the thus-determined incident
angle. In fact, as shown in “Table 1, the’ surface wave' velocrty on different high-speed tool steeal rolls significantly differs
from that on ordinary steel: In addition,’ there are differencés in the surface wave velocity between different high-speed
tool rolls owing to the difference in the producnon method for the rolls, but, in fact. the differences.in.the surface wave
velocity are not taken into consrderatron at allin desrgmng the'incident angle 6i. Asa result the mclden“ argie 0i greatly
differs from the optimum angle for- transmission and receipt ofithe surface waves. . P L
{0020) Ultrasonic testing of high-speed tool steel rolls i is ‘generally-carried -out: at or around a rol! grinding: equrpmem
In many cases, the mechanical equlpmem ofien ‘generates great electric noises from motors, invertors, etc., and the
great electric noises are often supenmposed on srgnals of surface wave testing. In that case, since transmission/receipt
efficiency of the suriace waves is really Iowered in-the ‘surface wave testing for high-speed tool steel 1olis, as so men- -
tioned hereinabove, the- helght of the réflected waves from-the flaws isJowered, thereby resulting in that the signal-to-
noise ratio, echo-amplitude/electric-noisés-amplitude is lowered AS afesuit, the detectabilities of the surface wave test-. )
ing are lowered. . S s .
[0021] Even when the incident angle 6i is determined i m accordanc with the surface:-wave velocrty ona hlgh-speed_ :
tool steel roll of a specmc material and a surface’ wave probe is marufacturedion the basis of the thus-dstermined ind-
dent angle, and when the surface wavé velocity is‘défined to'be equsal to; for-example; any of the:smallest or-largest
value of 3090 nvsec or 3180 m/sec in Table 1, transmission/receipt efficiency of the surface waves for-the high-speed
tool steel roll having a largest or smallest surface wave velogty oppositely to the defined value is still lowered, and, in
that case, the detectability in the testing are lowered. Thus, this couid not still scive the problem.

[0022] Every time exchangmg the surface wave probe to the best one for each roll of a different material requires a
prolonged time for testmg tnereby probably causmg hme lo$s'in actual operation,and such is-impracticable. :
[0023] The present invention has been made' so as'to solve-the protleims inthe conventiorial art noted above, and its .
first subject matter is to provrde a method and an® apparaius for-uttrasonic testing .of columnar. structures using surface
waves, in whlch false detectlon ‘of pnmary crachs rs pi' evented and the iéves: of '=1ructura.l norses from grarn boundanes
is reduced, and ‘of whxch the detectabilities are énhanced.” EIOTEN oL - o«

[0024]) The second sub;ect matter 6f the invention rs fo provrda an-Gliraséhic test apparatus in whicha swtable amount-
of a coupling IIQUId medium is ahways supplied to the gap betweeh a probe ‘and the'surface of & structure to be tested .
even when the rotatnng speed of the structure is varied, thereby mam“am.ng good transmission of ultrasonic waves o
the structure and preventlng any surplus coupling liquid medium from- Jlowing out ahead of the probe. .
[0025) The third subject matter of the rnven‘hon is to provide a method for grinding a roll having been ther-
mally/mechanlcally damaged on its surface in use for rolling or the like, in which the grinding. allowance of the roll is opti-
mized to reduce the roli consumption and to improve-the roll grinding efficiericy. - :

[0026] The fourth sub;ect matter of the invention is to provsde a method for ultrason'c testing of hxgh—speed too! steel
rofls using surface waves, in which is used a surface wave probe for roil testing capable of ensuring efficient transmis-
sion and receipt of surface waves in the rolls and capable of increasing the signal-to-noise ratio of the reflected waves
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from the flaws, éven when thé materials of the rolls differ. owmg to the drfference in the productron method, -and, in which
the incident angle for the probe is specifically defined. dE, e R T

DISCLOSURE OF THE INVENTION I L e

[6027] The invention is @ method for ultrasonic testing of columnar. structures. in which a surface wave probe is.con-
tacted with the surface of a rotating columnar structure via a.coupling:liquid medium existing therebetween, and a sur:

face wave is propagated into the columnar structure from the surface wave probe while the probe receives the reflected

waves from the flaws existing in and just below the surface of the columnar.structure so as to detect the flaws. In the.

method, where the'center frequency of the surface wave to betransmitted and received by the surface wave, probe is.. ..

fc in the frequency spectrum, the frequency bandwidth within which the spectrum magnitude falls the range between
the peak value and the peak value - 6 dB covers at least 0.50 fc.or Iarger: The method of the invention has attarned the
above-mentioned first subject matter. ¢ . 1w st e

[0028] In the ultrasonic testing method of the mventron fo attarn the above mentloned frrst sub]ect matter the pulse ’

length of the surface wave pulse which the.surface wave.probe: transmits and receives is;at most 2.5 trmes the wave-
tength of the surface wave that-propagates on the-columnar structure.

[0029]) The invention is also an apparatus for ultrasonic testing of columnar structures |n whlch a. surfacerwave probe .
is contacted with the surface of:a rotating.columnar structure via a coupling liquid,medium existing therebetween and,

surface waves are propagated into the columnar structure {from the surface wave probe while the probe recerves the
reflected waves from the flaws existing in and just below the surface of the columnar structure so as to detect the flaws
In the apparatus, the suface wave probe that trarismits-and receives the surface.wave is provided wrfh a wedge as dls-

posed on the front surface of The piezoelectric element of the prebe. ard with:a dampmg block as di sposed on the, back .:_ b

surface of The psezoelectrrc elemerrt : The appara us of the -nventron has attained the above -mentioned frrst subjeci
matter. st o ] B

{0030] In the invention, the prezoelectrrc element matenal is any of a, Iead meta nrobate a |ead,t1tanate a 1 3 fype"
piezocomposite material (this.is composed of.rods of.lead zirconate htanate (herelnatter refferred toas PZT) set in an_"
epoxy resin matrix),; a-0-3 type piezocomposite: material ithis is & piezoelegtric material ‘having prezoelectnc cerarmc“
grains as uniformly.dispersed in.polymer matrix),.cr'a 3-1.type p! iezocomposite. material. (thls isa prezoelectnc materral. N
as prepared by forming a large number of through-hcles in.aplate-of; lead)- vrrccnate titanate (PZT) followed by castmg.t

an epoxy resin or the like into those through-helzsiand solidifving it thereind. =i oy ooy =

oy L

[0031] Inthe rnverrtnon the wedge is made: of EY poljlmrde resirg & pc'ysty'ol resm an acrylrc resmtor a fluonne ,resrn‘ -

(Teflon). : 2t 1t ran e ety st b

¥

[0032] As shown in Frg 1 the surface wave probe 10 o‘ the rnventron i€ essentrally composed of a prezoelectrrc ele- .
ment 10A, a damping block 10B and a resin wedge 10C.-When the.center, frequency of the surface  waye whrch the sur- DI

face wave probe 10 transmits. and recaives-is represenied by fz:. then.the: frequency.. bandwrdth for the probe 10is
defined to be at least 0.50 fc or larger.
[0033] Specifically, when the-freguency.spectrum of the surface wave which the surface. wave. probe 10 transmrts and

receives is to have a frequency distribution as conceptually shown in. -Fig.. 2, th,e frequency bandwrdlh wrthm whroh the .

nd whrch rs

spectrum magnitude (signal magnitude) feils the range between the, pe,ak value.and. thepeak yalue - 5 dB a
represented by (fR fL) is delrned to satisfy the followmg 'ormula (2);.: ; :

s P A A : "<';‘h-\. -

4
R

ETL AL fR fLsOSOfG 5 sl

i
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[0034] In the rnventron as atove, the frequency, bandwidth: fo: fhe surface wave probe 10 rs broad\and is equal to or . !

farger than 0.50 fc. The concrete canstitution.of the: surface wave. prgbe 10. is described. As the prezoelectrrc element

10A, usable are any piezoelectric-materjal-having artow. .mechanical Q valye such asleadn meta-mobate prezocompos:te. .

material illustrated.in Figs. 23 10.25, etc..or any-other piazoeleglric,materialcapable.qf, berngmechamwlly dampedw'th
ease even though having a high mechanical Q value, such as lead titanate, gtc..The meohanml b value as. referred o
herein is maant to'indicate the sharpness of theresonance.-Rigzoelectric. elements havrng a larger mec,hamwl Q value
vibrate for a longerduration when they are driven by electric pulse..The. cerfter frequency fc of the surface wave ‘o be
transmitted and received by the probe must be- chosen-depending on the gram size and the surface roughness of the
material to be tested. For example for tolls for. rollrng m:lls, the center frequenc.y fc preferably is chosen between 1 and
4 MHz. AT !

[0035) The dampmg block 108 is made of a solrd substance to be prepared by mrxrng a fme powder havrng a large .

specitic gravity, such as metallic tungsten or the like,, .with an epaxy resin ot the like followed by solrdrfymg the resulting

mixture. The damping block 10B.is attached to-the back surface of the prezoelectnc element 10A, by which the defor-

mation of the piezoelectric element 10A-is damped. The damping block havrng a larger volume fraction of the heavy
powder such as metallic tungsten or the like is to haye a larger weight,-and its damping effect on the prezoelectrrc ele-
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ment is greater, theréby resulting in that the lerigth of the ‘ultrasonic pulse from the probe.is shiortened.- _ o
[0036) The piezoelectric element 10A and the ‘damping block 10B ‘are so constructed as io havethe niaterial consti-- .
tution defined as above, and the probé comprising therh can produce {iransmit) an’ ultrasonic pulse of which the fre- ..
quency bandwidth is at least 0.5 fc or larger and thé pulse length is &t most 2:5 times ‘the wavelength of the surface"
wave to be produced. T L T
[0037] The resin wedge 10C is attached to the front surface of the piezoelectric element 10A in such a mariner:that
the ultrasonic wave from the piezoeléctric element can be intréduced into thé structure to be tested, while satisfying the.
following formula (3). Concretely, as shown in'Fig. 1, the surface of the wedge 10C at which the piezoelectric element
10A is attached thereto is so inclined that the normal ling S2 relative to the front surface ‘of the piezoelectric element
10A intersects the normal fine S1 relative to the bottom surface of the wedge 10C (hat is'to be contacted with the sur- -
face of the structure to be tested via the coupling médium, at an incident angle 6i between the two lines S1 and S2, and-
the front surface of the piezoelectric element 10A is attached o the inclined surface of the-wedge 10C. in order‘to keep
the short pulse waveform mentioned above, the wedge 10C itselfis designed to have an-attenuation coefficient as small
as possible, for example, it may be made of a polystyrol resin, a polyimidé resin or the like. ‘ .

Qe

N

t
P

“ei=sin(CWICR) T - @
‘- .. . R - . .

wherein CW indicates the vélopi&’gf the ulltfzgsoriic;’_ wave in the résin wedge, and * >
CR indicates the velocity of the surface wayé travéling in the columnar structure to be tested. -

[0038]) Ditferent surface wavé probes 10 having & cénter freqliency fc = 2 MHz were prepared, for which the frequency
bandwidth was varied, by changing thé material of the damping block, ‘and checked for the relationship between the
pulse length and the frequency bandwidth. The data ‘obtained are shown in Fig?'3, in which the flequéncy bandwidth
equal to the center frequendy fc is designated as 100%." ~ =~ . . Saeoanm o '
[0039] From Fig. 3, it is known that the probes havifig a fréquency baridwidth of at léast 50 % or larger can produce
short pulses of which the pulse length is at rost 2.5 times the wavelength of the surface wave 1o be produced. The sur-
face wave puise thus ;:jrodu_ce_d to have'a short pulse length is applied to flaw detection of rolls-having -innumerable’
remaining primary cracks K. Also in that case, combinations of small reflectors K1 io' K4 ‘between that ihe difference in
the distance from the surface wave probe 10'i$ A/2, X indicating the* waveiength of the surface wave traveling in the -
structure being tested, always exist in the stricture, as int the case désciibed hereinabove with réference to Fig. 21.
[0040] Fig. 4 shows the waveforms as observed in ultrasonic testing of a-structure, in which was used a'short ultra-
sonic pulse having a frequency bandwidth of not smaller than 0.70 fc and a pulse length of being 1.5 times the wave-
length of the surface wave traveling in the striicture, for testing the regions having thérein small reflectors such.as those
mentioned above, and this cérresponds to the above-mentioned Fig. 2z showing the waveforms observed in conven-
tional ultrasonic testing. ;T T H T n TR e : o g
[0041] As shownin Fig. 4, it is known that the reflected waves fiom thé remiining primary-cracks K have a small ampli-
tude since the pulsé length applied is short, and that even-though tiiose reflécted waves overlap in phase with each
other, the increase in the amplitude of ihe wave 10 be dbservéd is small. Accordingly, when the surface wave probe 10
of the invention, which is $o designed that'it can ranshiit and receivé a surface' wave pulse having a short pulse length,

is applied to flaw detection of rolis having innumerabie remaining primary cracks K, the increase inthe amplitude of the
reflected waves from the remaining primary cracks K is effectively prevented. W

[0042) The surface wave.probes having a center freguency of "2’ MHZ but having a:varying frequency bandwidth (or
having a varying pulse length) were tested for the relationship between thz height of the reflected waves. from-the pri-. -
mary cracks K in a work roll for former ‘stands i finishing train; and the Tatio-of (pulse langth/wavelength of surface
wave), and the data obtained are showri'in Fig 5..in this tést; the height of tié refiected waves-was represenied with - .
reference to the height of thé reflected wave froni a drilled Hole that'had beeri drilled towarc! the radial divection to have

a diameter of 1 mm and a depth of 1 mm, and the depth of the primary cracks K was about 0.15 mm. ;
[0043] In the drawing, the measured points A1, A2 afid A3'dre iGr iié invention;“for which the piezoelectric element -
10A of the surface wave probe 10/ ised wds of a lead métaZhiobaté, and tie damping block 108 cf the probe 10.was *.
made of a mixture of an epoxy resin with a rhétallic. tunigsten powder having a solume fraction of 30 %, 60 % or 40 %, *
respectively. B1 and B2 are for comparative exarfiples, for which the piezoeiectric element 10A used was of RZT, and
the damping block 10B was made of a mixtiire of an’epoxy resin with a metallic tungsten powder having a volume frac-
tion of 80 % or 60 %, respectively. C1 and C2 are for conventional examples, for which the piezoeleciric element 10A
used was of PZT of two types that differ in the mechanical Q value in some degree, and the damping block 10B was not
used. Except the matters specifically mehtiqned heréin, substantially the same apparatus was used for the measure-
ment. - ’ : P : ok : :

[0044] From Fig. 5, it is known that the shorter pulse lengths gave reflected waves having-a more lowered heightfrom - -
the primary cracks K. . : - e To. : - :
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[0045) Next, materials suitable to the piezoelectric element 10A and those suitable to the resin wedge 10C were inves-
tigated in detail. As_the damping block 0B, .used was a solid- mixture of.an epoxy. resin and a metallic tungsten powder
as in the above: In the mixture, the volume fraction of the metalllc mngae@pqwder to be rmxed wrth the epoxy résin was °

80 %, 60 %, 40 % or 20 %. For the piezoelectric element. 10A selected were a lead meta nlobate a lead titanate, lead

zirconate titanate (PZT), barium titanate, lithium niobate, a 1 -3 type plezocomposrte material (Fig. 23), a 0-3 type pre- "

zocomposite material (Fig. 25)..and a 3-1 type piezocomposite material (Fig. 24); and for the resin wedge 10C, selected

were a polyimide resin,-a pclystyrol resin, an acrylic_resin,-and a lluorlne resin (Teflon) Drfferent surface wave ‘probes :

were produced in that manner,-and $ested to measure the trequency bandwidth anthhe pulse length of the. surface
wave to be transmitted and receivedby. them. In addmon in the same manner as m the test for the data shown in Fig."
5, those surface wave probes were further tested to measure the helght of the reflected waves from the pnmary cracks
K in the same work roll for former stands in finishing train as that used.in the test for the ddta in Frg 5. For this, the' height **

of the reflected waves was represented: with reference to the herght of the reflected wave from a drilled hole that had -~

been drilled toward the radial direction to-have a diameter of Jmm and a depth of 1 min, just in the same manner as in

the test for the data in Fig. 5. The data obtained in the test in whrch the dampmg block 10B used hada volume fraction

of the metallic tungsten powder of 80 % are shown in Table 2; those in'which the dampmg block 10B used had a volume-
fraction of the metallic tungsten powder of 60 % are shown in Table 3;.and those in which the damping block 10B used
had a volume fraction of the metallic tungsten powder of 40 % are shown in Table 4. in those Tables, the data of the
probes with which the reflected waves from the pnmary cracks K had a herght of larger than -1 dB (that is, the height
of the reflected waves from the primary cracks K as seen by. the use of the probes was not Iovwer by ‘dt least 3 dB than-

that as seen by the use of conventional probes) were omitted, except those of the probes having a PZT. The'data of the -

probes having a PZT are in those Tables-as comparative data. Table 5 shows the data obtamed in the test in which the
damping block 10B used had a volume fraction of the metalllc tungster) _powder of 20 % As shown |n Table 5; the height
of the reflected waves from the primary cracks K was hrgher than -11, dB Refernng back to Tables 2 to 4, is under-

stood that, in all cases, the lead meta-niobate, the lead titanate, the 1-3 type plezooomposne matenal “the 0-3 type pre- s

zocomposite material and the 3-1 type piezocomposite material are all ,usable as ihe plezooomposrte material 10A Hi is”
also understood therefrom that.the polyimice resin (having an attenuatlon coefhcrent at 2 MHz of 1.2'% 102 dB/m), ‘the
polystyrol resin (having an attepuation goefficient at,2. MHz of 1 3‘ x 10 2" dBIrp) the acryllc res|n (havrng an attenuation

coefflclent at 2 MHz:of 1.8 x 102 dB/m). and the. fluonne resin (Teflon havmg an attenuatlon COeffrment at 2 MHz of 1 8 '

,,,,,

x 102 dB/m) are all usable astheresin wedge 1OB Acpordrngly IUS kqo Y, i
uation coefficient at 2 MHz.of, not larger Than 1 8,x, 10 +dB/ry. Q mparmq the data in Tables 2‘to 4 wrth those in ' Table
5, it is understood that the volume fraction of the metallr,c tun%sten po eL t b’ the damprng tSlbck 108 must be at
least 40 % or larger- ..., & oot . c )
{0046] Using a conventional surface. wave probe -of whnch the pulse length g,s S tlmes the wavelength of the surface
wave to be produced, in a substantially same condition; we; the present mventors. carrled out an expenment “of’ ultra-
sonic testing of work rolls for former stands in fmrshrng train. Through that our experiment, we confirmed that the herght
of the reflected-waves from the primary.cracks .as.seepn in the testing just before. the final roll gnndmg process was,
higher by 3 dB than that as seen in the testing after the:finalroll grinding. process Accordmgly. rt is. belreved that, if the
height of the reflected waves from the primary cracks. K-seen in thé, ultrasomc <testmg be reduced by at Ieast 3. dB tne
number of the roll grinding repetitions could-be-reduced by at least one tlme ln thrs conn on the roll grmdlng can be
finished when the héight ot reflected waves from the pnmary cracks on the grounq roll are equal to or lower than pre-
determined threshold voltage. r TN -

[0047] Accordingly. as.shown in.Fig,:5, when the pulse,.lengthz of the surl‘ace wave probe wrth whlch th data of the °
height of the reflected waves from:the primary- cracks megsured is lowegby at Ieast 3 dB. than the data Ct as rneasured
with the conventional surface waye probg whose pulsejlength i is 5 tmes the wavelength o

ured data A3 and C1 is 3 dB. in that case, —therefore ‘the, nun]ber of the rolI gnndrng repetmons could be reduced by at
least one time. R A S TR Py - N
[0048] Again referring back to Fig:3; rt max be,sald that the bandwrdth of the surface wave probe capable of trans-
mitting and receiving surface waves of which the pulse. lengttl is at most -3 5 trmes the wavelength of the surface wave
to be produced is suitably 'S0 % or larger. Accordmgly is understood that deflnlng the frequenqr bandw»dth for the sur‘
face wave probe to be 0.50 fc or larger. is effective for reducmg any overgnncf ng of rolls to be caused by false detectton
of primary cracks of the rolls.-This is the ground for dehnrng the frequency bandwrdth for the surface wave probe to be
0.50 fc or larger in the invention. . :

[0049] As has been described in detall heremabove a specrhc surface probe is used m the mventron for whrch the

o

frequency bandwidth is defined to be 0.50 fc.or larger-. and the pulse Iength is to be at most 2.5 times the wavelength of o

the surface wave to be produced. Comparing the data as measured by the use of the conventional surface wave probe

of which the pulse length is about 5 times the wavelength of the surface wave to be produced (in Fig. 5, C1 point), and

those as measured by the use of the specific surface wave probe of the invention (in Fig. 5. A1 to A3 points), it is known

0965839A1_)_>

of the surface wave to be pro-- _' Toran
duced, is at most-2:5 times the:wavelength ¢ ofthe surface wave to be produced”then the drfference between the meas- W
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that the height of the reflected waves from’primary cracks K a5 measured by the use of the specific surface wave probe

of the invention is lower by from 3 to 6 dB'than that'as measired by the.use ¢of the conventional surface.wave probe... : -

[0050] In the same manner as above, We, the inventors furitier ¢arriéd ‘out an experiment for detecting cracks having -
a depth of 0.5 mm in rolls in which primary cracks K having'a depth of about-0.10 mii reMain and those in high-speed - .
tool steel rolls in which primary cracks K having‘a depth ‘of about 0.25°mm remain. Through that our-experiment, we -

found that the S/N ratio of the reflected waves from the cracks as measured by the.use of a surface wave probe of which
the pulse length was 1.5 times the wavelength of the Surface wave produced was.10.dB.and the S/N ‘ratio cf, the-
reflected waves from the cracks as measured by thé use of a'surface’ wave probe of which the pulse length was 2.5
times the wavelength of surface wave produced was 7-dB, while,-on the other hand, thé S/N:ratio of the reflected waves .
from the cracks as measured by the use of a conventional surface wave probe of which the pulse length was about 5
times the wavelength of the surtace ' wave produced was about 4 dB. By use of the method of the invention, therefore, -
the signal-to-noise ratio of the reflected waves from cracké could be higher by about 3 to 6 dB than.that by use of the
conventional method, and the detectability in the invention are significantly enhanced. *© - - -

{0051] Next, ,u" ing an ultrasonic testing apparatus equipped: with the surface wave probe 10 illustrated in Fig. 1, in
which the piezoelectric element 10A, theé dampifig block 10B and the resin wedge 10C are made of a lead meta-niobate,
a mixture of an ‘epoxy resin with a rhetallic tungsten powdér having a volume fraction of 60 %, and a polyimide resin,
respectively. We, the inventors further camied out an experiment of inspecting 500 work tolls for former stands in finish-
ing train. Specifically, in the experiment, we measuréd the deciement in diameter of each roll until the height of the
reflected waves from the primary cracks (fire cracks) in each'roll reached & predetermined level or lower. Using another
ultrasonic test apparatus equipped with a conventional surface wave probe of which the pulse length'is about 5 times
the wavelength of the surface wave to be prodiiced, we carried out the same experiment. As a fesult, the decrement in -
diameter of rolls by grinding by use of the apparatus eqlipped with thé conventional surface wave probe was 0.33 mm
on the average, while the decrement in diameter of rélls by ‘grinding by use of the apparatus equipped with The surface
wave probe of the invention was 0.2 mmonthe average.” ~ ~ ' o : ‘

[0052] As in this experiment, the decrernent in diametér of iils by grinding on the basis of the technique of the inven-
tion is lowered by at least 0.1 mm on the average, as compared with that on the basis of the conventional technique. In
this connection, we confirmed that when the roll ‘having been‘ground in'that manner on the basis of the technique of the
invention was used in rolling sheets, the degree of the surface flaws that appeared in‘the rolled-sheets owing to the

small pits formeéd on the surface of the roll in use was ‘substartiaily-the-same-as that in the sheets having been roiled

by the use of the roll as tested and ground or'the basis’of the’conventional technique.s - -+

[0053] The invention also provides an ultrasonic test apparatus for'détecting fiaws in"columnar structures, in which a
surface wave probe is contacted with the surface of a rotating Eolumnar structure via a coupling liquic mecium existing
therebetween, and a surface wave is propagated into the columnar structure from the surface wave probe while the
probe receives the reflected waves from the flaws existing in and'just below the suriace of the columnar structure so as
to detect the flaws. The apparatus comprises a columnar structure-rotating means for rotating the columnar structure
in the circumferential direction of the structure; a rotating Speed monitoring means for monitoring the rotating speed of -
the columnar structure being rotated by the colimnar ‘structuie-rotatiiig'means; a holder means for holding the surface
wave probe above the columnar structure to ensure a predetermined distance between the probe and the surface of
the columnar structure; a scanning means for scanning the probe ifi thé axial direction of the structure; a coupiant sup-
ply means capable of supplying a liguid redium to bé a' coupling mediurm for-Ultrasonic-waves to the'gap between the
surface wave probe and the surface of the columnar Structure arid'providéd with a tiw-control valve capable of control-
ling the flow rate of the liquid mediti in accordance with the rotating speed of the columnar structure to be rotated by

the columnar Structure-rotating reans; a surface wave probé which is provided with d piezoelectric element, a wedge.;
disposed on the froni surfacé of the piezoelectric elemiént and'a daiiping biock disposed cn the Lack surface of the pie-
zoelectric élement, so that, wheré the center fréguiency of the surface wave fo be transmitted and received by the probe..-
is fc in the frequency spectrum, the frequency bandwidth within which the spectrum magnitude falls the range between
the peak value and the peak valug - 6 dB cOVErs at'Teast 0,50 fc o' larges,-and that the'probe is capable of detecting the
flaws in the columnar structure uSing surface waves; an Ultrasonic pulserfreceivércapable of supplying to the surface
wave probe, an electic pulse for producing a surface waves dnd capable ‘of amplifying the signals which the surface -
wave probe has réceived 10,a level necessary for flaw detection and outputting it/ a gating means for exiracting the'sig--
nals for flaw detection from the signals which the ultrasonic pulser/receiver has outputted, and oulputting them; and a
peak detector/comparator means for detecting the amplitude of the signals which the'gating means has outputted, and
outputting the thus-detected signals, or for comparing the level of the signals which the gating means has outputted with
a predetermined threshold voltage and, when the level of-the thus-compared signals is large, outputting signals that
indicate the presence of flaws in the structure being tested. The apparatus of the invention has:attained the above-men-
tioned third subjéct matter. T S :

[0054] In particutar, in the apparatus noted above where one surface of the wedge' of the probe is.so inclined that the
normal line relative to the inclined surface intersects the normal line relative to the bottom surface of the wedge to be

~——_r P e L
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contacted with the surface of the columnar structure ta be dested via a coupling medium exlstmg therebetween at an
incident angle 6i 16 be defined by the above-mentioned formulai{3) and where the front surlace of the ptezoelectnc ele-
ment of the probe.is attached to.the thus-inglined surface ofthe wedge, the surtace waves havnng been transmrtted by" o
the probe can be well propagated into the surface of-the columnar structure
[0055] We, the presentirventors further carried:out stilt another)tost expenment usmg a hrgh speed ‘tool steel roll hav- )
ing artificial flaws ther€in In the-experiment,’ the-rotating speed-of the roll was varied, and a varying amount of a cou-
pling liquid medium (ds the medium,.watef. was.used.in the expenment) was- apphed to the rotating, roll in order to
determine the suitableé®amount:of; the coupling medium via: which the ultrasonic wave having been produced by the
probe could be stably transmitted.intd: theroll surface without.any surplus rltqu:d mednum tlowzng ahead of the probe, R
10 and the height of the reftected:waves:from the artificial flaws gould. be_kept constant. The data obtained in the expefi- '
ment are shown in Fig. 6. Where the amount of the medium (water) fali wuthm the range ag Shadowed in the graph of ”
Fig. 6, the ultrasonic waves from the probe are stably transmitted to the rotl surface. From the data obtamed it is known ~
that, with the increase in the rotating speed of the hrgh~speed tool steel roll bemg tested, the ‘amount of the ltqurd
medium to be supplied to' the rotatirig roll must be increased. Acoordmgly when the rotatlng speed of the high- speed
15 tool steel roll being tested is monitored by means of a rotating speed monitor and the amount of the liquid medtum to
be supplied to the roll is ‘controlled in accordance with:the ratating speed of the roll by means of the tlow control valvée
as provided to the couplant supply means, then a suitable apyount of the oouplmg quurd medlum can be supplled to the
gap between the probe and the surface of the roll- in that manner, the transmlsswn of the ultrasonlc wave from’ the
probe into the roll surface is stabilized, and any surplus liquid. medium is. prevented from tlowmg ahead of the probe - i
20 [0056] To attain the above-mentionedthird subject matter, the inventign further provrdec a method of gnndmg aroll of
which the surface has been thermally/mechanically.damaged:. In the tnventton a; surtace wave probe IS contacted wrth .
a roll to be ground or:beingground, via a membrane-of. a. goupling:medium. exrstmg therebetween whrle ‘the roll is o
rotated, so that surface waves'fram the probe is propagated.into the.roll surface whrle removtng the quurd from the path
of surface waves, and the height of the reflected waves from the thermally/mechamcally damaged parts exlstmg or
25 remaining in the surface of the roll is measured: and the-grinding ajlowance. of the rollis, determrned in acoordance wrth
the thus-measured height of the reflected waves. 1 .-« - - 0 - _— e
[0057] The surface wave probe for roll testing in the: mvent:on is- contacted wlth the surface of a rot_at_rng rollA vra acou-
pling medium existing therebetween, and this comprisgs at-least.a gtezoelectrlc element and a wedge that mtroducas
the ultrasonic wave from the piezoelectric-element intosthe coll- ﬁurfaca at. tncndent angle oi. In the lnventl n, the probe
30 is so disposed that it produces the suriace waves: into.the-rall- su::tace and detects the tlaws exlsttng in and Lust below
the roll surface using the thus-produced surface wavesy lathis, the mcudent apgle olis defmedr
formula (4). by wh:ch the above-mentroned subject matter.is, attanned =y e S y

n

PR . -t~
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wherein CW lndxcates the ve!ooty of.the ultrasonic yvaveqq the wedge and
CRav indicates the mean value-of the velocrty .of the surfage wave travellrtg_ r

S VRV SO

[0058] The incident angle diisan angle to the plane verttcal ) the |;pll surtage. PO ‘ }
40 [0059] To attain the above-mentiongd;subject matter; th,ennventlon still turther p_rovrdes a method ot det_ ing. the mcr- o
dent angle for a surface wave probe for roll testing, in which;the prober comacted wrth the sur‘éce a otatrng roll vra o
a coupling medium existing therebetween; and this comprlses g Ieast a ptezoeleotnc e menrtr apg ige )
duces the ultrasonic wave from the piezoelectric element.into ! the {oll surface at an lncrden’t_angle 6, h1e bemg so dIS-
posed that it- produc%,the surtace waves into the roll surtace and detects the I ws Fxrshng in and ]ust below the roll
m

to satrsfy the aboVe-men-

45

tioned formuta (4). - & i oot b i Lo lm“ curm o,
[0060} Using the surface - wave probe., we, the present gnyentprs pgn;ned \put :
tionship between the height of the reflected waves. from, the thermallylmechanrca_l‘ly
layer thickness®of the still-remaining, thermally/meqhamwllx damaged parts of the ;oll 1

56 height of the:reflected waves-measured is lower.than the threshold voltage for flaw detection we ‘say that the remamtng -
layer thickness of the damaged part is-zero).. in the experiment, we, ground rolis that had n thermally/mechamcally ke
damaged in ‘rolling operation,: little by “little, while measuring. the helght ot the retlected waves from the ther-
mally/mechanically damaged parts of.each roll;to know the relatlonshrp noted above The data we obtained are in Frg
7. from which it is well known that, with the decrease in the remaining,, Iayer thnckness of the them\ally/mechanlcally

55 damaged parts of the roll tested, the-height of the reflected waves from the thermally/mechamcally damdged parts low- G
ers. From the data in Fig. 7, obtained was the relationship between the grinding allowance "of the roll for removing the
thermally/mechanically damaged parts from the roll, and the height of the reflected waves from the thermally/mechan-
ically damaged parts. This is-as shown in Fig. 8. Accerdingly, before or dunng grinding rolls the herght of the retlected

3D0CID: <EP__0965838A1_1_>
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waves from the thermally/mechanically damaged parts.of each roll is measured by-surface wave_testing, and the grind-

ing allowance of the roll may be determined according to the relationship as piotted in Fig. 8. In that manner, any over-. . . "

grinding of the part not mechanically damaged- and therefore needless to be removed, and any grinding faflure to
completely remove the thermally damaged parts can be prevented, and optlmum gnndmg of rolls i possrble
5 [0061) In one preferred embodiment, the:surface wave probe ‘and the grindstone are moved.to the position ‘of the roII
to be ground, at which the height of the reflected waves from the thermally/mechanically damaged parts of the roll is
the largest, and the roll is ground by means.of plunge grinding:while being tested by surface waves. For this, the dec-
rement in diameter of the roll by grinding until the height of the reflected waves from the thermally/mechamcally c‘am- .
aged parts reaches a precetermined level or lower‘is measured -and the grinding allcwanze is- detormmed from the
10 measured decrement. After that the roll is further ground in accordance with the thus-determined grinding allowance.
In that manner, the optimum-grinding of the roll is realized. : ; ’ .
[0062) Specifically, before or during grinding them, rolls are subjected to the surface wave testmg in the manner as
above. Through this tésting, it is possible to identify the:position of each rof} at which the height of the reflected waves
fram the thermally/mechanically damaged parts is the largest, as the position having a largest layer thickness of the
15 remaining thermally/mechanically damaged pdrts, as s obvious from the relationship.as plotted in Fig. 7. Having known
this, a roll may be ground as shown in Fig. 9, in which the grindstone 62 of a roll grinder-and the surface wave probe 10
are located to the roll 110 at the sanie position (relative to the.axial direction of the roll) where the height of the reflected
waves from the thermally/mechanically damaged parts is the largest. In that condition, the rofl 110 is ground by means
of plunge grinding until the height of ihe reflected waves from the therimally/mechanically damaged parts of the roll
20 reaches a predetermined threshold voltage or lower, while being subjected to surface wave testing, and the decrement
in diameter of the roll 16 be thus ground is tha grinding a'lowance for removing the thermally/mechanically damaged
parts from the entire surface of the roll. According to the thus-determined grinding allowance, the entire surface of the
roll may be ground.

25 BRIEF DESCRIPTION OF THE DRAWINGS

[0&3] I S IR TR A L ) - oM T LT, ;__‘:'-A .,

Fig. 1is an enlarged "Cross* sectronal vnew °rowmg the outline: olthe structure-of a surface wave probeto be used
30 in the invention. =~ -:: s : . : ‘

Fig. 2is a grdph for explammg A[<] f'equency bandwrdtn for the surface ‘wave probe B :

Fig. 3 is a graph showing the relationship'bétween. the frequency bandwrdth for the surface wave probe and the -

ratio of (pulse length/wavelength of surface wave). : vz
Fig. 4 is an explanatory view-indicating:the rélationship between the wavefor"n to be:. observed on the basas of the
35 invention, and the reflected waves from smail reflectors: . bt -

Fig.5is a graph showing the refatlonshfp between the: '1e-ght of: the reflected waves from pnmary cracls and the .

ratio-of (pulse lengthiwavelength 6f surfabe wave)! 2= -0 2 s e 5 = -

Fig. 6 is a graph showing the’ relatlonshlp between.the' rotatmg speed ofa roll and:a preferred amount of tha cou-

pling hqund mednum tobe supphed to the gap Je‘Ween the probe ‘and the roll, whichris for ewcplalmng the principle
40 of the invention” - - = - ' : - Tlede DR Lw Al e oy

Fig. 7 is a graph showmg the relatnonshxp be’ween the he|ght of the reflected waves: from thermallv/mechan.cally

damaged parts of a roll and the remaining: layer-thfolmess oi the thermally/mechamcally damaged parts which is

also for explaining the pnncuple of the'imventiori. =" - s - s 00 Losuon

Fig. 8 is a graph’ showmg the relatlonshxp betweern the grinding allowance of a roll and the herght ot the ref'ected
45 waves from thermally/mechamwlly damaged parts of the roll, whnch is:dlsoor expiaining the prmcaple of the inven-

tion. o S aR T,

Fig.9isa ‘perspective view Showing the'relationshi “between the posruon of the gm'dstore and that of the surface

wave probe in plunge gnndmg of a roll, which is also for explaining the principle of the invention.

Fig. 10is a snde view showmg t!~e outt:ne Gl tne const:tut:on ‘of the first: embodiment of the ultrasonic test apparatus
50 of the invention. < : ' NI e

Fig. 11 is an enlarged front view showmg the probe holder part in the flrst embodlment

Fig. 12 is'a partly-cleaved side view showi ng the major pt.rt of the couplmg n'edlum supply part as fitted tc the sur-

face wave probe in the first embodiment. - = RN

Fig. 13 is a side view showmg the outline of- fhe constrtutlon of the second embodlment of the ultrasomc test appa-
55 ratus of the invention.

Fig. 14 is a graph showing the data of an expenmem for the- econd embodiment rela‘.rve to the relatlonshfp

between the height-of the reflected waves from the flaws and the rotating speed of a roll, for which the rotating

speed of the roll was varied for flaw detection according to the second embodiment.

L . . oo, e . gt L . -
dioge = P S e Tl R A RN
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Fig. 1Sis a side view showmg the outlme of the oonstrtutron of the third embediment of the ultrasonic test apparatus

of the rnventron o - Ny R TN LI T T Y .
Fig. 16is ‘a side view showmg the 0uthne of the conshtunon of the fourth embodiment of the uhraso*uc test appa
ratus of the invention. =~ e LhilsoeyEl ot -

Fig. 17is a graph showmg the data of the height of theZrefietied waves from artrflcral ﬂaws in:five-rolls, for whrch -
were used a probe F of the invention and ‘cariventional probes Gi.H. . S0 S 2

Fig. 18is a graph showmg the data of tha srgnal -to-noise’ ratio. for the reﬂected waves from artdlcrat flaws in frve
rolls, for which were uséd the probe F of the'invention aid the conventional probes G, H. o i

Fig. 19is a graph showing the datd of i6il testing for 20 surface flaws, in terms of the srgnal to noise ratio, for whuh

tn

10 were used the probe F of the invention and the conventiorial probes G, H.
Fig. 20 is a conceptual view for explaining the cracks to be formed in the surface of a work roll tor tormer stands in.
finishing train, in the circumterential direction of therall. =" =, - RS .
Fig. 21is an explanatory wew showrng the relatronshrp between-thie posmon of a surfare wave probe and that ot
small reflectors - SR IR VO P8 o . a y

15 Fig. 22 is an explanatory view rndrcatrng the relatronshrp between the waveform to be observed ina conventronal
method, and the reflected waves from small reflectors. - BN P o - -
Fig. 23 shows one exarnpre of the piezoelectric element for. the invention (this is.a 1: 3 type prezocomposﬁe mate— o
rial). ’ : el T e o et EHRL W T T
Fig. 24 shows another example of the prezoelectnc element for the invention- (th.s is a. 3 1 type prezocomposrte

20 material).” S R RV v S e NP
Fig. 25 shows still another example of the prezoelectru, element torrthe mvent;on (th.s is a 0 3 type prezocomposrte -
material): T - ot AR SRR ~teLotn oL e o TSl

BEST MODES FOR CARRYING OUT THE INVENTION
25 P TLoE.
[0064) Embodiments of the invention are described in detail hereinunder, with reference to the drawings.
[0065] Fig. 10 is a side view showing the outline of the constitution of the first embodiment of the ultrasonic test appa-
ratus of the invention
[0066] The ultrasonicitest apparatus of this embodimentis.for testing the rolt112. and, its Lasig:sonstitution comprises,
30 a roll rotating device for rotating the roll 110, a surface wave probe 10 for transmitting and receiving the surface waves
in the rol! 110, a probe holder 12 for holding the probei0;erd a coupkint supply means:foLsupglving a coupling I-qurd
medium (water) to the gap between the surface of the roll- 110:and the surface . wave, probe 10..The supply means is,
connected with the holder 12, and this will be described hereinunder. (RA DO L
[0067] For simplifying the drawing, the Toll rotating device is:not shown therein. This.may be any known one provrded
35 that it acts to rotate The roll 110 to be tested in the circumferential direction;€ of the:rol'.. - ey .
[0068] For the surface wave probe 10, the type of the piezoéiectric element and the compoemon of the dampmg block

are so designed that the probe 10 can transmit and receive a surface wave having a.frequency bandwrdth of at Ieast

0.50 fc or larger and having a pulse length of at:most 2:5 times the wavelength;ot.the surface; wave e
[0069] The surtace wave probe:10 is'so disposed:relative'to the roll. 110 10 be tested that the gap between the probe
40 10 and the roll 110 could be filled with water (coupling liquid medium). In that condition, an ultrasonic wave is transmrt-
ted into the surface of the roli=110 via‘waierto pioduce surface waves that is progagatedrmothe surface of the rofl 1 10, :
and the probe 10 receives the ieflected waves to:detect the surface flaws in the:roll:1,10.~-;:
[0070] The probe holder 12 holds the surface wave probe 10, and is supported by: thetsupportng member 18 as frtted
. tothe lower part of the-Guide 16, arid the:guide 16 is slidable.up and down felative to; Jthe fixing mennber 14 as, posrtroned
45 above the roll 110. The supporting:metnbici-+18 is provided:with:a pair, of 7Qliers. 20 at i ns front and back and the, ro!lers
20 total four. Between those rollers 20, disposed is the probe holder 12. When the apparatus is operated for roll t%trng
these four rollers'20 are rotated wh:le el ngmept‘rn contact with th_e surfage-of-the:roll -11Q, so .as.fo stabilize the test
scanning. pt SR R A AL : St s e e .
[0071] Thefixing member 14'is provrded with-a’ motor 14A: whloh,ls to supply power for. shdrng up, and down the suo-
50 porting member 18 along the guide 16, through a known mechamcal means (not shown) and with a frttmg base 14B for
the motor 14A. : R S - ey .
[0072) The fixing'member 14 can be scanned in the axral drrectlon of the roII 1 10 by a scanmng means (rot shown)
whereby the surface wave probe 10 can be scanned in the axial direction of the roll 110. ,
[0073] The probe holder 12is fitted to the lower-end of the rod member-12A, and the rod member 12A is Ioosely
s5 clamped to the supporting member 18 so that it is movable up and down relative to the member 18. In that condition,
the probe holder 12 is supported by the supporting. member 18 while it is all the time pressed downward in the drawing,
or that is, against the surface cf'the roll 110 by mear:s .of spnngs (not showr) provrded at predetermrned positions
around the rod member 12 A. . .

1
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[0074] The probe holder 12 |s provrded with'a parr ‘of foliowing‘rollers 22 which are for forming a predetermined gap
between the surface wave probe 10 and the roll 110 and whrch protrude trom beneath the surface wave probe 10
toward the roli 110 SR R R

[0075) Fig. 1 1is an enlarged ‘front view showrng the condrtron in'which' shafts 24 dré’ drsposed at the both opposrte
sides of the probe holder 12 in the honzontal dlrectlon (that is. ih the @3al'directién of the roll 110), and each of the
above-mentioned tollowrng rollers 22 is rotatably fitted to each shatt 24.In that manner, the:following rollers 22 as piv-

oted on the probe holder 12 receive suitable pressing force from the above-mentioned springs and are all the time.kept.

in contact with the surface of the roll 110 while the roll 110 is tésted. According to the constitution of the probe holder.
12 noted above, the surface wave probe 10 is held above the rol} 110 in such a manner that a predetermrned gap is
ensured all the trme between the probe 10 and the roll 1107 ° : o

[0076) As shown inF 1g. 12 n which the details of the probe ‘holder 12 and the following rollers 22 are omltted but their
outlines are designated by two-dotted lines, the probe holder 12is provrded with a water supply (water-supplying
means) 26 exrstlng inside it. Water having been led through the duct 28 is once stored in the storing body 26A and is
let out through. the outlet hole 268 tormed at the bottom of the storing ‘body 26A. In that rhanner, a non-bubbling water
layer is formed between the sortace wave probe 10 and the roll 110. The water supply may be any known conventronal
one, and the detailed desct rpt»on of its str ucture i omitted herein. -

{00771 In Fig. 10, the numeral retevence 30 rndrcates a scraper for ‘scraping water so that water having been supplred
from the water supply 26 i the manner noted’ above is prevented from remarnmg on the surlace ot the roll and flowing
into path of the surface waves on the rall.  ~ ~

[0078] As berng desrgned in the mannef descrbed i |n  detail heremabove, the ultrasonic'test apparatus of this embod-
iment ensures the testing ot rofts’in a smple mamer while water to be a coupling medium for ultrasonic wave propaga-

tion through the gap between the surface wave probe 10 andthe surface ot the rotl 110to be tested and while the probe'

10 is scanned and moved on the surface of the roll 110,

{0079] Accordrng fo this enrbodsment 500 work rolls (hlgh speed tool steel rolis) for former stands in finishing train
were tested, and the decrement in dameter 6f each roll by, grinding unti! the height of the reflected waves from primary
cracks which are so—called fire cracks, reaohes a predetermlned ievel or lower was measured. Using another ulirasonic
test apparatus. equrpped with a oorwemronal swhce wave probe of which the pulse length is about 5 times the.wave-
length of the surlace wave to be produced the same rolls were also tested in the same manner. As a result: the decre-
mentin drameter of.each roll by gnnding by means of the apparatus équipped with the conventional surface wave probe
was 0.33 mm on the average whrle the’ d1ecrement m drameter of each roli-by grinding by means of the apparatus of
this embodiment was.0.2 mm on the average As in *this expenment the déecrement in diameéter of rolls by grinding
based on the techmque of the rnventron is lowered by atieast 0.1 mm, as compared with that based onthe conventional

technique. In this connectron it was conhrmed that when the hrgh-speed ‘too! steel roll havirng been ground in‘that man- -

ner on the basis of the techmque of the rnventron was used in rolhng sheets the degree- of the surface defects that
appeared in the rolled sheets owing to the small prts tormed on the surtace of the roll in use was substantially the same

asthatinthe sheets havrng been rolled by the use ot the roII ds tested and ground on the basis of the conventronal tech- .

nique. .

[0080] Referring to Fig. 13, the second. embodrment of the invention that is suitable for testing: hrgtrspeed tool steel . .

rolls by scanning the. surtace wave probe 10 on th'e surface ‘of each 7ol is described in detail hereinunder. ’
[0081]) Inthis errbodlment the roll 1 10 ns a hrgh speed tool steel roll, and the rotatrng speed of the roll'i$ monitored

by the rotating speed momtor 32 The data thus monrtored are transmrtted to the ‘flow control valve 34 connected with -

the water supply, and the water tlow rate is. so oontrolled as to be wrthln the preferred range as in Fig. 6. The signals

ultrasonic pu'ser/recerver 40, and. the gatmg crrcurt 42 rn that order

outpttted by the. surface wave probe 10 are rnputted mto-the peak detector/cornparator crrcurt 44 processed by the-

[0082] The. ultrasonrc pulserlrecerver 40 ns to supply an electrrc pulse 16 the ‘surface wave probe 10 for producing the -
surface waves. In thrs pulser/recerver 40, the' sugnals havrng been recerved by the surface ‘wave probe 10 is amplified to -

a level necessary for flaw, detectron and. are outputted to the gatrng crrourt 42. In'the ‘gating circuit 42, the signals for
flaw detection.are extracted trom the srgnals havmg been outputted from the Gltrasonic' pulser/receiver 40, and are‘out-
putted to the. peak detector/comparator crrourt 44 In the peak detector/comparator circuit 44, the peak amplitude of the
signals having.been outputted from the gatrng crrcurt 42 is detected, and the thus—detected signalis outputted from it;

or in this, the level of the signals from the gating crrcurt 42 is compared with a predetermmed threshold voltage and,.

when the level of the thus-compared s:gnal from the gatrng circuil 42is large, srgnals that indicate the présence of flaws
in the roll being tested is outputted from the peak detector/comparator circuit 44 Being operated in that manner the
apparatus of this second embodiment detects the flaws in rolls being tested..

[0083] Like that in the first embodiment, the probe holder 12 in the second embodiment is provided wrth a water sup-
ply 26 in its inside, as shown in Fig. 12. The flow.rate of water from the water supply 26 is controlled by the flow control
valve 34 according to the rotating speed (perrpheral ‘speed) of the foll 110. in'the ‘water supply 26, water having been
led through the duct 28 is once stored in the storing body 26A and is let out through the outiet hole 26B formed at the
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bottom of the storing body 26A. In that manngr, a aon-t:ubblrng water.layer is formed between the surface wave probe
10 and the roll. 110: R Tt B T SR PP,

[0084] The others in this embodiment are the same as those in the frrst embodrment noted above and are desrgnated
by the same reference numerals:as:in.thefirst embodimentThe detailed.description of these others is omitted herein.
(0085] High-speed tool steel rolls having surface flaws were- tested by .use of the, apparatus ‘of thrs embodrment whrle

their rotating speed was varied from-25 rpm+to 50 rpm. The data- obtamed for the relatronshlp beétween the height of the”

reflected waves from.the.flaws anrd the rotating speed of each roll are shownin. Frg 147 From these, it is known that the -

apparatus of this'embodiment well detett the surface flaws.-in the hrgh speed tool Steel rolls tested, lrrespectlve of the
rotating speed-of.the rolls. = .., 1 ot PO
[0086]) Next, relerring to Fig. 15, the thrrd embodrment ol the mventron is descnbed in detall herelnunder

ot

(0087} In this embodiment, rolls to be ground. or being ground are tested by means of surface waves. Specrfrcally in

the apparatus of this embodiment; the height of the reflected waves.from thermally/mechanrcally damaged parts of the
rolt 110 is measured; and the-grinding allowance for the roll d 10 to be ‘ground is transmmed to the gnncler 60 in whlch
the roll 110 is ground. The grinder may-be any known cor{ventlonal one, and is not shown for sumplrtylng the drawrng

[0088] The surface:wave probe 10 is connected with the ultrasonic tlaw detector 50, ‘and an electnc pulse is 5upplred :

to the surface wave probe 10 from which the surface wave produced 1S transmrtted into the foll 110 n the ultrasomc
flaw detector 50. the signals which the surface wave probe 10 has received and outputted to the ultrasonrc flaw’ detector

50 are amplified to a level'suitable to flaw detection. The ultrasomc ultrasomc flaw detector 50 ‘rs provrded wrth a gatlng .
circuit (no shown) that may be the same as in the second embodiment and thé reflected waves trom the ther:™ -

mally/mechanically damaged parts in the roll 1,10 .are -extracted from the amplrfred srgnals m the gahng crrctrrt In the'

ultrasonic flaw detector 50, the herght of the thus- extracted,‘reflected waves rs measured Havmg been thus measured S

in the ultrasonic flaw detector 50, the data of the herght of the retlected waves from the thermally/mechamcally dam:-
aged parts are transmitted to the computer 52, in which the gnndmg allowance for removrng the thermally/mechamcally
damaged parts is determined with reference to the-relationship as shown in. Frg 8. The thus-settled data of tﬁe gnndmg
allowance are transmitted to the grinder 60, in which rolls are ground wrth for example a gnndstone

(0089) The others in this.embodiment are the same as those in the frrst and,"seoond embod‘ ments noted above and’ ‘
are designated by the same reference numerals.as ;n them The detalled descnptl' n of th%e others rs omltted Herein..

[06090] According to this embodiment,- 200 work rolls.f jormeg, stands
ment in diameter of each roll by .grinding was- measured Apa h :
by grinding based:on a conventional method were presumed from the_actuaT decrements‘rneasured ln a
method, the rolls are repeatedly ground by a predetermined grlndlng a,dwance unt { h Frt t' the r

from the thermally/mechanically damaged partg becomes lower than a predeterm:n

S in flnlshrng trarn were tested and the décre-

wave testmg after ground. The above mentloned actual decrement was' measured afte_r the gnndlng based on the"-;' ]

method of the unventron for surtable gnndmg of rolls was 0 18 mm on‘th'e' averag' | his means that' the decrement in.

diameter by grinding based on the method using the apparatus “of this embodiment is lower by at ledst 0.05 mmthan
that based on the conventronal method

O St ei

[0092] In thrs embodtmem provrded rs a posmon monltor 36 tor monrto nb the’ posmon of th
relative to the axial direction of-the, roll bemg tested. The da
monitored by the position monitor 36 are transmntted to the computer Sg . l \,'f'su
or being ground according 1o this embodrment, the posmon ‘of the surfac W

T R

robe 10'that

cific place of the roll at which the height of the reflected waves trom theﬂthermally/mechanrcally damaged parts is the™ )

[

largest is determined by the pogition.monitor 36..For.so-called plunge gnndrng based on‘t I
Fig. 9, the surface wave probe 10 and. the gnndstone 62 are S Shed t naf the two are to
with the roll 110-at the same-position relative to-the axral drr g ) )
{0093] The others in this embodiment are. the same as those o the thrrd Em odimer
by the same reference numerals as in the third embodrment. Th,e detaled descnptron of tﬁ

00
[0094] The operation of this embodiment is descnbed in detarl Frrst, whrle the roll 110 to‘be ground or berrfg ground )
is rotated in its circumferential dlrectron C the surface wave probe 10's swnned over the roll 110 in the axral dtrectlon" o

of the rall 110. In that manner,.the entire surface of, the rolI 3 10 |s tested by use ot the suﬂace waves travellng thereon
and the height of the reflected waves from the thermally/mechanrcally damaged parts of fh‘e"roll 1 10 and also the signal

that indicates the position of the surface wave probe 10 are, mputted into the oomputer 52 By the action of the computer’

52, the position of the surface.wave probe 10 thatis in contact ‘with the specrfrc place of the roll 110 at which the herght
of the reflected waves from the thermally/mechamcally damaged parts is the largest is determined.

[0095] Next, as shown in Fig. 9, the.surface wave probe 10 and the grindstone’ 62 are moved to the thus-determined
position of the roll 110, and the roll 110 is ground by means ot plunge gnndrng whnle berng subjected to surface wave

13
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testing. The grinding is continued until the height of the reflected waves from the thérmaily/mechanically damaged paits
becomes lower than a predetermined th,reshold voltage, and the grinding allowance of the rolt is'thus determined.
[0096] The thus-determined grinding allowance is inputted inito the grinder 60, in which the temaining surface area of -
the roll is then ground. C e
[0097] According to this embodiment, 200 work rolls for former stands in finishing train were tested, and The decre-
ment in diameter of each roll by grinding was measured. Apart from this, the decrements in diameter of the same rolls
by grinding based on a conventional method were presumed from the actual decrements measured.In a conventional
method where the rolls are repeatedly ground by a predetermined grinding allowance until the height of the reflected
waves from the thermally/mechanically damaged parts becomes lower than a predetermined threshold voltage in the - -
surface wave testing after ground. The presumed decrement in diameter by grinding based on the conventional method
was 0.24 mm on the average. As opposed to this, the decrement in diamieter by grinding based on the method of the
invention for suitable grinding of rolls was 0.19 mm on the average. This means that, the decrement in diameter by
grinding the method. using the apparatus of this embodiment is lower by at least 0.05 mim than that based on the con-
ventional method. . N o . N .
[0098) Next, refeiring to Fig. 17 and Fig. 18, the'fifth- embodiment of the present invention is described:in detail here-
inunder. . . ) ’ c .

[0099] Fig. 17 and Fig. 18 are graphs showing the measuring results of the reflected waves from artificial flaws in five
rolls shown in Table 1, for which were used a surface wave probe-of the invention and two conventional surface wave
probes. Fig. 17 shows the height of the reflected waves from the arttficial flaws in those rolls; and Fig. 18 shows the sig-
nal-to-noise ratio of the reflected waves from the artificial flaws in those rolls. The flaws were artificially made by drilling
each roll toward radial direction to have a diameter of 1 mm and a depth of 1 mm. The wedge of the surface wave probe
used herein was of a polystyrol resin (CW = 2340 m/sec).

[0100] The following three surface wave probes were prepared and used.

Probe F:

[0101] For this, the data of the surface wave velocity on the five rolls to be tested were averaged to obtain an average
value, CRav. From the value CRav and the ultrasonic wave velocity in the polystyrol resin, CW, obtained was 0i accord-
ing to the formula (2) mentioned above. 6i was 48.1 degrees. A surface wave probe was so designed as to meet 6i =
48.1 degrees. This is Probe F, and this falls within the scope of the invention.

Probe G:

[0102] A surface wave probe was so designed as to meet 6i = 49.2 degrees, which was calculated from the surface
wave velocity on Roll #4 in Table 1 and the ultrasonic wave velocity in the polystyro! resin. This is Probe G, and this is
a conventional surface wave probe.

Probe H:

[0103] A surface wave probe was so designed as to meet 6i = 51.7 degrees, which was calculated from the surface
wave velocity on ordinary steel (2980 m/sec) and the ultrasonic wave velocity in the polystyrol resin. This is Probe H,
and this is another conventional surface wave probe.

[0104] From Fig. 17 and Fig. 18, it has been verified that Probe F of the invention gives high reflected waves and sta-
ble S/N ratios irrespective of the type of rolls to be tested therewith. In Fig. 17, the vertical axis indicates the height of
the reflected waves from the artificial flaws with reference to the height of the reflected wave from the artificial flaw on
Roll #1 detected by use of Probe F.

[0105) Next, four actual surface flaws for each of five roll material in Table 1, totaling 20 surface defects in all rolls,
were sampled, and the S/N ratios of the reflected waves from those surface flaws were measured. Fig. 19 is a graph of
the thus-measured data, in which the horizontal axis indicates the serial numbers of those 20 surface flaws, and the ver-
tical axis indicates the signal-to-noise ratio of reflected wave from each surface flaw. In this experiment, used were the
above-mentioned three probes, Probe F, Probe G and Probe H. From Fig. 19, it has been verified that Probe F of the
invention can detect the actual surface flaws in a stable manner at high S/N ratios. :

[0106] The invention has been described concretely hereinabove. However, the invention is not limited to only the
above-mentioned embodiments but can be changed and modified in different manners without overstepping the spirit
and scope thereot.

[0107] For example, the materials of the piezoelectric element 10A, the damping block 10B and the resin wedge 10C
that constitute the surface wave probe are not limited to only those shown in the above-mentioned embediments, and
any other materials having the same functions are usable herein.
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[0108] In the above-mentioned embodiments, water is used as the coupling medium. fApart from this, any other liquids

such as oils, etc. may be used herein. ... - . .-,
[0109] The subjects to which the invention is gppli
speed too! steel rolls, but include any columnar structu
tion. L

P

ed, ace. 0ot limited to, only rolls for rolling mills, especially to high- -
res such as rollers of metals and'Gthers with'no specific limita- *

N < L (A - LS . . oo R ,
[ b IR LI »;v X - i ~ .l_.‘.q
L SO I ) BUP D R : .
Roll No. (RollMaterial) | :Manutacturer -+ . - Production Method .| surace Wave Velocity
#1 A Company | continuouscastig with build-up surfacing . -3158
#2 | ACompany |, - _centrifugal casting . . o8mno .
#3 B Company centrifugal casting 3168
#4 C Company Centrifugal casting 3090 ©
#5 D Company - . .1 . forging ‘ ey 3180
! : : e T st '. z <. . N
Toa R Vs
¥ 1 1 .‘ . -
-i
i A Tt ' : -3 - e on
= Pl [Ty - RS, ot -
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[0110] According to the present rnvemron for surface wave testing. false detection of primary cracks is prevented and
overgrinding that causes the i inéréase ir the roll consumption is‘prevented. in addition, the level of structual noises from
primary cracks and grain boundaries is lowered, and the detectability of the apparatus are greatly enhanced. .
[0111] In particular, in the process on the basis of the invention'where rolls having been thermally/mechanically dam-
aged in their surfaces while they are used in rolling are ground and the grinding allowance of each roll is settled accord-
ing to the height of the reflected waves from the thermally/mechanically damaged parts, the decrement in diameter of
each roll by grinding is optimized to reduce the roll consumption and to improve the roli ‘grinding efliciency. -~ - . .
[0112] In applications of surface wave testing ‘of rolls on the basis of the invention, the surface wave probe can pro-
duce and receive the surface wave at high efficiency, irespective of the difference in roll materials as produced in dif-
ferem methods. In those, therefore, one and the same surface wave prébe is usable in testing of rolls of different
materials without exchanging it, and the surtace wave probe common to such different rolls ensures increased signai-
to-noise ratios tor the reﬂected waves from tlaws - . .
S T . - 3
Claims T T R S
1. A method for ultrasonrc testmg of columnar structures ‘wheréin a surface wave probe is contacted with the surface
of a rotating columnar structure viaa oouplrng medium existing therebetween, and surface waves are propagated
into the columnar structure from said surface wave probe while the probe receives the reflected waves from the
flaws existing in and |ust below the surface of the columnar structure so as to detect said flaws;

. the method berng charactenzed in that where the center frequency of the surface waves'to be transmitted and
received by said surface wave probe is fc in the frequency spectrum of said surface waves, the frequency band-
width within which the spectrum magnrtude falls the range between the peak value and the peak value 6 dB covers
atleast 0.50 fc or larger.” - .

2. A method for ultrasonic testing of columnar structures wherein a surface wave probe is co"ltac’ted with the surface
of a rotating columnar structure vra a couplmg medrum exrstmg therebetween and surface waves -are propagated
into the columnar™ structure from sard sunaoe wave probe while the' probe receives the reflected waves from the
flaws existing in and just below the surface of the columnar structure so as to detectsaid flaws; - .+ . .~
the method being characterized in that the pulse length of the surface wave pulse which said surface wave probe
transmits and recerves rs at most 2 b tnmes the wavelength of the surface waves that propagate rnto said columnar

structure . . - =
b ot ERR I P R A P IO BT DN ° a
. - . B - %

3. An apparatus for ultrasonic testing of columndr'structurés, wherein a surface wave probe is contacted with the sur-
face of a rotating columnar structure via a coupling medium existing therebetween, and surface waves are propa-
gated into the columnar structure from said surface wave probe whiile'the probe receives the reflected waves from
the flaws existing in and just below the surface of the columnar structure so as to detect said flaws;
the apparatus is characterized in that sard surface wave prote that transmits and receives the surface waves is pro-
vided with a wedge as disposed on the ffont surface of the piezoeleciiic element of the probéand with'a damping
block as drsposed on the back sunace ot the prezoelectnc element

Bl L P SCOUR I

4. The apparatus for ultrasonic testmg of columnar structures as claimed in claim 3, wherein said prezoelectrrc ele-
ment is any of a lead’ meta—nrobate ‘a lead titandte, a 13 type prezocomposrte materlal a0-3 *ype prezocomposrte
material, or a 3-1 type piezocomposite material. R -

5. The apparatus tor ultrasonrc t%tmg of columnar structures as diainiéd in dlaim 3, wherein said wedge has an atten-
uation coefficient (for longitudinal waves) at 2 MHz of not larger than 1.8 x 102 dB/m.

6. The apparatus for ultrasonrc testmg ot columnar structures as clarmed rn claim 5, wnerern sard wedge is'made of a
polyimide resrn ‘a polystyrol resrn an acrylrc resrn or a fluonne recrn L - . -

7. The apparatus for ultrasonlc testrng 'of columnar structisres as clarrned in claim 3 wherein sard damprng block has
a volume fraction of metallic tungsten powder of at least 40 % or larger "_? T S !

8. An apparatus for ultrasonic testing of columnar structures, wherein a surface wave probe is contacted with the sur-

face of a rotating columnar structure via a coupling liquid medium ‘existing therebetween, and a surface wave is |
propagated into the columnar structure from said surface wave probe while the probe receives the reflected waves

20
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from the flaws existing in and just below the surface of the columnar structure so as to detect said flaws;
the apparatus is characterized by comprising;
N R IR - A - .

- t e . N =AY s RN grerear o et aes ey

a columnar structure rotatlng means for fotatlng sardcolumnar structure in the crrcumferentral drrectron ofthe .~

s structure, O L T e T S N A -
a rotating. speed- monrtorrng means for monrtonng the rotatmg speed of the columnar structure belng rotated
by said columnar- structurerotating means,: ¢, ¢ ..., ; = P

a holder means’for-heiding said surface wave, probe above the columnar structure to ensure a predetermmed
distance between the:probe and the_sudace of the-columnar structure, .
10 a scanning means for scanning:said holding means in-the axial direction of the columnar structure, . .
a couplant supply means capable ot supplying a fiquid medlurp fo, be a couplrng medrum for ultrasonic waves ’
to the gap between said surface wave probe and the surface.of the co!umnar structure and provrded wuth a llow ’
control valve capable-of controlling the flow rate of the liquid medrum in accordance wrth the rotatmg speed of
the columnar structure to be rotated by said columnar structure-rotating means .
5 a surface wave probe which is provided with a piezoelectric element, a wedge drsposed on the front surtace of
the piezoelectric element and a damping block disposed on the back surface of the piezoelectric element, so
that, where the center frequency of the surface wave to be transmitted and received by said surface wave
probe is fc in the frequency-spectrum.of the surface waves, the frequency bandwndth wrthm which the spectrum .
magnitude falls the range between the peak.value and the peak value -.6 dB covers at Ieast 0. 50 lc or Iarger
20 and that the surface.wave probe is capable -of detecting the flaws in the oolumnar structure by use of surtace )
waves, : ¢ LnfE Lyt st e e el .
an ultrasonic pulser/receiver capable of supplymg to .said s surtace wave probe an electnc pulse for producrng' o
surface waves and capable of amplifying the signalswhich, sard surface wave probe has recerved to a Ievel nec-
essary for flaw detection and outputting them;, , - "~ . wgeae,
25 a gating means for extracting the signals tor tlaw detectron from the srgnals whrch sard ) ultrasonlc
pulser/receiver has outputted, and outputting them, and N
a peak detector/comparator:-means for detecting the amplitude of the signals whlch the. gatmg means has out-
putted, and outputting.the thus-detected signals.yor.for comparing ; the level of the srgnals whnch the gatmg )
means has outputted with a predetermined.threshold voltage and, when the Ievel o{ the thus-compared srgnals o
30 are large, outputtmg srgnals that mdicate the presencexof ﬂaws in the oolumnar §vucm:e berng tested . N

w

9. The apparatus for- ultrasomc testrng ot columnar structures as clatmed |n an .one of claims < 3, wherel
wedge has a bottom surface at which it is contacted with the surface of the columnar structure’ vra a couplmg quurd
medium existing therebetween, and has an inclined surface of such that its normal line intersects the normal line

35 of said bottom surface at an-incident angle 6ito be defined by,the tollqwrngjformulaj ot ey e L i

40
T RS SN e 2w
10. The apparatus for.. uItrasonrc testlng of columnar. structu as cl\a_irned i
45 columnar structure is a high-speed tool steel roll. '
11. A method for grinding a roll- having been thermallyjmechamca!ly
that; R A G - T za:“;..—'! !'.--.': Ve \nl S
50 before or during grinding;the roll, a surface wave probe.is cor_rtacted with the sprface of the roll bemg rotated,
via a film of a coupling medium existing therebetween and the height of the retlect Jves from the ther— o
mally/mechanically damaged parts existing or remaining in the surface of the roll is measured in'suth a man-
ner that surface waves are propagated into the roll from the surface wave probe wh'le the |IQUId exrstmg on the
path of the surface waves is propagated is removed and o
55 the grinding allowance of the roll is determined accordrng to the thus measured he;ght of the reflécted waves.®

12. The roll grinding method as clalmed in claim 11, wherem the surface wave probe and a gnndstone are moved to -
the position of the roll to.be ground, at whrch the herght of the reflected waves from said thermally/mechanically

21
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damaged parts is the largest, then the roll is ground by means of plunge grinding while being tested by use of sur-
face waves therein, and the decrement in diameter of the roll until the height of the refiected waves from the ther-
mally/mechanically damaged parts reaches a predetermined level or lower is measured, and the grinding
allowance of the roll is determined from the above-measured decrement, and

the roll is further ground in accordance with the thus-determined grin&ing aliowance.

The roll grinding method as claimed in claim 11 or 12, in which, when the center frequency of the surface waves to
be transmitted and received by said surface wave probe is fc in the frequency spectrum of said surface wave, the
frequency bandwidth within which the spectrum magnitude falls The range between the peak value and the peak
value - 6 dB covers at least 0.50 fc or larger. ‘ ' o i

The roll grinding method as claimed in any one of c'iairfms 11 to 13, wherein the pulse length of the surface wave
pulse which said surface wave probe transmits and re‘c‘ei\ie'_sv is at most 2.5 times the wavelength of the surface
wave that propagates into said columnar structure. - LR

The roll grinding method as claimed in any one of clairms 11 to 1'4, wherein said roll is a roll for rolling mills.
. . .‘ O . N . E
The apparatus for ultrasonic testing of_'colun_;nar structures »as_’claimed in claim 9, wherein the velocity of the surface
waves traveling in the columnar struc‘ture_,' Cr'in the formula that defines the incident angle i is a mean value, CRayv,
of the velocity of the surface wave traveling in each roll to be tested. ‘

A method for defining the incident angle fof a surface wave probe for roll testing for detecting flaws that exist in and
just below the surface of a roll, wherein the.surfécq wave probe is contacted with the surface of a rotating roll via a
coupling medium therebetween and comprises at least a piezoelectric element and a wedge for introducing an
ultrasonic wave to the roll surface at'an incident angle 6i, and the probe is so disposed on the roll as to be able to
propagate surface waves into said roll; the mettiod being characterized in that the incident angle 6i is defined to sat-
isfy the following formula: e s le e e e . .

0i = sin ' (CW/CRav)

..
Y

where CW indicates the velocity of the ultrasonic wave in the wedge, and
CRav indicates the mean value of the velocity of the surface wave traveling in each roll to be tested,

and the incident angle 6i is an angle to the plane vertical to the roll surface.
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This international search report has not beeo established in respect of certain claims under Article 17(2)(3) for the following reasons:

D Qlaims Nos.:
because they relate 1o subject matter not required to be searched by this Authority, namely:

)

2. [[] Qaims Nes: ,.' T s s <
because they relate to pans of the intemational apphanon that do not comply with the prescribed requirements to such an
extent that no ingful i ional scudx can be carried out. speaﬁally

3. D Qlaims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box 11 Obscrvations where unity of invention is lacking (Continustion of item 2 of first sheet)

This Intemational Searching Autharity found multipte inventions in this international application, as follows: |

The inventions defined.in Claims 1-10 and 16 relate .to a ultrasoru.c flaw
detecting method:or a ult:rason:.c flaw detectlng apparatus.‘ The 1nvent:l.ons
defined in Claims 11-15 relate tp a roll gr:u:dlng method. The Jnventlon
defined in Claim 17 relate to a method of Settlng an anldent angl’e of a
roll inspecting surface wave probe.

1

ser 1T =z o e . i R .

30 A onlysome ol lhe r:qmred addmnnal seud\ &5 wcre nmelypa:d by (he appbanl this, mlemanonal sean:h rcport covers
only those dmms fof. which fées were pud. speaﬁqally claims Nus :
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4. D No required additional scarch fres were timely'paid by the applicant. Consequently, this international séarch report is.
restricted:to the invention first mentioned in the caims; it is covered by claims Nos.: :

. 4

Remark on Protest E The additional search fees were aax;mpanied by the applicant’s protest.
D No protest accompanied the payment of additional search fees.
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